there is no evidence that maternal levothyroxine therapy improves this outcome. Targeted antenatal screening for thyroid function will miss a substantial percentage of women with thyroid dysfunction. In children SCH (serum TSH concentration >5.5-10 mU/l) normalizes in >70% and persists in the majority of the remaining patients over the subsequent 5 years, but rarely worsens. There is a lack of studies examining the impact of SCH on the neuropsychological development of children under the age of 3 years. In older children, the evidence for an association between SCH and impaired neuropsychological development is inconsistent. Good quality studies examining the effect of treatment of SCH in children are lacking.
Introduction
Subclinical hypothyroidism (SCH) in pregnancy is defined by a serum thyroid-stimulating hormone (TSH) concentration higher than the upper limit of the pregnancy-related reference range associated with a normal se-rum thyroxine [T 4 ; either total (TT 4 ) or free (FT 4 )] concentration. The serum tri-iodothyronine (T 3 ) level is normal. It occurs in approximately 2-2.5% of pregnant women [1] , although in China the incidence has been reported to be 4.0% [2] , in Belgium 6.8% [3] and in Northern Spain as high as 13.7% [4] . This is in contrast to overt hypothyroidism (defined as FT 4 below normal in conjunction with elevated TSH or TSH higher than 10 mU/l irrespective of FT 4 levels) which has a prevalence of around 0.2-0.5% in pregnancy and which will not be considered further in this guideline. In children the prevalence of SCH is less than 2% [5] . When considering SCH, it was agreed that the so-called isolated hypothyroxinaemia as a separate entity should also be included in the discussion. This is normally defined as a serum T 4 concentration (TT 4 or FT 4 ) as being in the lower 2.5% of the reference range [6] . This definition implies that hypothyroxinaemia is associated with a normal TSH concentration.
During the last 2 decades advances in our understanding of thyroid physiology in pregnancy have led to the appreciation of the adverse effects of SCH on both the mother and child. Furthermore, considerable variation in the management of SCH in pregnancy was observed in a recent European Thyroid Association survey [7] . Hence the European Thyroid Association commissioned a task force to prepare the current guidelines. In addition, there have never been any published guidelines on SCH in children. The present guideline may usefully be read in conjunction with guidelines on the management of SCH in non-pregnant persons recently published by Pearce et al. [8] in addition to published guidelines of the American Thyroid Association [6] and the American Endocrine Society [9] both addressing the subject of thyroid and pregnancy.
Methods
The executive committee of the European Thyroid Association and the guideline board nominated a task force for the development of guidelines on the management of SCH in pregnancy and children. The task force had no commercial support, and the members declared no conflict of interest. A list of all relevant topics related to SCH in pregnancy and children was created, and the members then performed a comprehensive literature review, carrying out a systematic Pubmed and Medline search for original and review articles published from 1970 to December 2013. The search terms used were TSH, levothyroxine, pregnancy, SCH, adverse effects, abortion, miscarriage, iodine, thyroid antibodies, children and Hashimoto's disease. The guidelines were constructed based on the best scientific evidence and the skills of the task force. Where available, data derived from randomized clinical trials (RCT) rather than observational studies has been selected for recommendations. The GRADE system is employed which has been used in other guidelines. The quality of the literature concerning each aspect of the statement was graded as high (RCT evidencelevel 1), moderate (intervention short of RCT or large observational studies -level 2) or low quality (case series, case reports, expert opinion -level 3) using modified GRADE criteria [10, 11] . The strength of each statement was classified as strong (S, a recommendation) or weak (W, a suggestion; see Recommendations below), depending upon the clinical significance and weight of opinion favouring the statement. Strong recommendations are clinically important best practice and should be applied to most patients in most circumstances. In contrast, weak statements should be considered by the clinician and will be applicable best practice only to certain patients or under certain circumstances.
Diagnosis of SCH in Pregnancy
SCH can only be diagnosed on the basis of laboratory test results as the symptoms of both SCH and hypothyroidism are non-specific and mimic symptoms that can be associated with variations in lifestyle or those of many other conditions, like pregnancy itself [12] .
The diagnosis of primary hypothyroidism during pregnancy is based upon finding of an elevated serum TSH concentration, defined using trimester-specific TSH reference ranges for pregnant women. The reference interval of thyroid function tests in pregnant women differs from that of the general population and among trimesters in the same patient. As the median TSH level is lower in the first trimester of pregnancy when compared with the non-pregnant reference range, the implementation of trimester-specific reference ranges is recommended in order to avoid misclassification of thyroid dysfunction during pregnancy [13] .
In areas with sufficient daily iodine intake, the maternal thyroid is stimulated in the first trimester by human chorionic gonadotrophin. The inverse relationship of human chorionic gonadotrophin and TSH levels during early pregnancy has been extensively documented and is particularly evident in the subgroup of women with TSH values at lower centiles [14] .
On the base of published studies, mostly from western countries, either the guidelines sponsored by the American Thyroid Association or by the American Endocrine Society suggested the following reference range: first trimester, 0.1 to 2.5 mU/l; second trimester, 0.2 to 3.0 mU/l; third trimester, 0.3 to 3.0-3.5 mU/l [6, 9, [15] [16] [17] .
It is a matter of discussion whether these reference ranges should be used worldwide. Two studies from China [18, 19] and 1 study from India [20] , for example, dem-onstrated a significantly higher TSH reference range for each trimester; in particular, the study by Li et al. [19] showed that the Chinese population displays 0.12-5.08 mU/l as first trimester reference range; as a consequence, using the suggested 0.1-2.5 mU/l as reference range, about 28% of the pregnant patients in China would suffer from hypothyroidism, versus 4% when using an ethnically specific reference range [6, [21] [22] [23] . Further data derived from the 3,944 women participating in the Generation R study demonstrated that a comparison of disease prevalence between a population-based versus an ethnicity-specific reference range changed the diagnosis for 18% of women who were initially diagnosed as having abnormal thyroid function test results [24] .
Other than the increase mentioned above in human chorionic gonadotrophin and the downward shift of TSH, pregnancy is also characterized by an increased iodine renal clearance, increased serum T 4 -binding globulin, and inner-ring deiodination of T 3 and T 4 by the placenta. These metabolic changes may also influence the T 4 concentration that appears to be increased during the first trimester and relatively decreased during the second and the third trimesters. Despite the increase in T 4 -binding globulin and the decrease in albumin concentration, some authors maintain that the reliability of the standard immunoassay for FT 4 is satisfactory [25] while others assert its unreliability and emphasize the measurement of FT 4 in the dialysate or ultrafiltrate using online solid phase extraction liquid chromatography tandem mass spectrometry as gold standard [26] . The method is ideally suited for generating reliable, reproducible trimesterspecific reference ranges for FT 4 , but unfortunately, this assay technology is labour-intensive, technically demanding, time-consuming and expensive, and it is not readily available in most clinical laboratories.
As the definition of SCH is based on elevated TSH in conjunction with normal FT 4 values, it would be of pivotal importance to establish a universally accepted FT 4 trimester-specific reference range. Available data derived from the literature indicate that in the first trimester the lower FT 4 limit (2.5th percentile) of the reference range, detected by immunoassay, is around 0.80 ng/dl (10.30 pmol/l) [16, 17, 27, 28] . Given the uncertainty in FT 4 measurement during pregnancy, alternative strategies have also been suggested. The first is that the non-pregnant TT 4 range (5-12 μg/dl or 50-150 nmol/l) can be adapted by multiplying this range by 1.5-fold [16] . However, in many laboratories the measurement of TT 4 has been abandoned for a long time; also a TT 4 trimesterspecific reference range is lacking. The second is the socalled FT 4 index that has been indicated as a reliable assay during pregnancy [16] . In this latter case, it should be remembered that this index is a calculated ratio, based on 2 estimates (estimate of T 3 resin uptake and immunoassay estimate of TT 4 ), both prone to inaccuracy; moreover, no trimester-specific reference intervals are available for the FT 4 index, and finally, the FT 4 index is rarely available [24] .
In developing countries the most frequent cause of hypothyroidism is represented by severe iodine deficiency, while in developed countries it is by chronic autoimmune thyroiditis (CAT). Thyroid auto-antibodies are detected in about 50% of pregnant women with SCH and in more than 80% with overt hypothyroidism [29] . Hence in patients with SCH the measurement of thyroid peroxidase antibodies (TPOAb) is recommended to establish if the woman has thyroid autoimmunity [30] . Although in the general population only positive TPOAb tests have been shown to be significantly associated with hypothyroidism, the measurement of thyroglobulin antibodies (TgAb) should not be disregarded. In a study involving 992 unselected women consulting a tertiary referral centre for reproductive medicine, the prevalence of thyroid autoimmunity was 16%; in 8% both types of antibodies were present, in 5% of women isolated positive TgAb were found and 4% had isolated positive TPOAb; women with isolated TgAb had significantly higher serum TSH levels compared to those in women without thyroid autoimmunity [31] . After the first trimester the test for thyroid antibodies may be negative due to the immune suppression seen in pregnancy; in the presence of elevated TSH values and negative thyroid antibodies, thyroid ultrasonography may be helpful in detecting abnormal thyroid texture and subsequent diagnosis [32] . In pregnancy there is about a 50% increase in iodine requirement to achieve a dietary intake of 250 μg/day. This increase is due to: an increased glomerular filtration and renal iodine clearance as well as iodine transplacental transfer to the fetus, particularly in later gestation [33] . In chronically iodine-deficient pregnant women, depleted iodine thyroid stores are not able to compensate for increased demands; if deficiency is not corrected, it may result in goitre formation and maternal hypothyroidism [34] .
Recommendations
In 2011, 393 million Europeans (44.2%), including pregnant women and those of child-bearing age, were estimated to be iodine deficient [35] . Although the situation is slowly improving [36] , inadequate iodine intake, particularly in populations at risk, may be observed even in high-income countries traditionally considered to be iodine sufficient [35] [36] [37] [38] [39] . For example, assessment of the thyroid status of pregnant women living in Northern Spain revealed than only 14.4% of women in the first trimester and 26.8% in the second trimester had optimal iodine nutrition defined as urinary iodine concentrations (UIC) between 150 and 249 μg/l [4] .
The contribution of iodine deficiency to the incidence of SCH and isolated hypothyroxinaemia is variable, depending at least on the degree of iodine deficiency and the incidence of thyroid antibodies. The latter would be associated with SCH independently of iodine deficiency. The Spanish study did show SCH in an iodine-deficient area [4] . An elevated body mass index (BMI) increases the risk of isolated hypothyroxinaemia in iodine-deficient first trimester women [40] , and the high prevalence of thyroid disorders including SCH in pregnancy in Belgium has been noted [3] .
The deleterious effects of severe iodine deficiency on fetal development have been extensively studied. The introduction of any form of iodine prophylaxis in such cases decreases infant mortality and improves psychoneurological development. The actual adverse effects of mild to moderate iodine deficiency and the benefits resulting from its correction have been less intensively evaluated. However, there are data suggesting improved motor and cognitive function in children born to mothers with adequate iodine intake, particularly if that status is achieved in prepregnancy or early pregnancy [41, 42] . Iodine supplementation during pregnancy (iodized salt vs. iodine supplements) may not influence postnatal child development [43] , although supplementation in areas of mild iodine deficiency may also be beneficial [44] .
Iodine prophylaxis in subclinically hypothyroid pregnant women has not been studied. Several observational studies in areas with adequate or high iodine intake suggest that there is an increase in the incidence of thyroid autoimmunity. Moreover, intervention studies suggest that increased iodine intake may enhance thyroid autoimmunity as well [45] . However, not all studies generated the same findings, probably because of genetic, racial and environmental differences. It seems that autoimmune exacerbation is a transient phenomenon [46] . Prevention of endemic goitre (and presumably some cases of SCH) can be affected by iodine supplementation in pregnancy [47] .
According to the WHO, pregnant and lactating women should be provided with 250 μg iodine daily [48] . This may be achieved by administering iodine supplements containing 150-250 μg of iodine in the form of potassium iodide often as prenatal and pregnancy vitamin supplements. Adequate iodine intake during pregnancy (250 μg of iodine daily) should be preferably achieved before conception. In countries with successful salt iodization programmes, pregnancy-desiring women should be additionally supplemented with 50 μg of iodine [49] . The daily intake of iodine should not exceed 500 μg.
Whether iodine administration will prevent SCH in iodine-deficient women is not clear. The data on TSH levels and iodine nutrition in pregnancy are conflicting. Some studies failed to recognize any significant relation between TSH and iodine status, most frequently assessed with UIC [50, 51] . A positive correlation between TSH level and UIC has also been reported [52] . Excessive iodine intake is even considered a risk factor for SCH (odds ratio, OR, of 6.2 for SCH in Chinese pregnant women with UIC >250 μg/l) [53] ; the higher TSH levels in these iodine-supplemented women were attributed to the stunning effect of a sudden increase in micronutrient consumption in populations living in areas of mild to moderate iodine deficiency.
In view of the changing iodine nutrition status of the European population, the international monitoring programme should be conducted on a regular basis.
Recommendations 6 The daily iodine intake during pregnancy and lactation should be at least 250 μg and should not exceed 500 μg. (1S) 7 A sufficient iodine intake is usually provided by supplementing euthyroid pregnant and lactating women with formulas containing 150 μg of iodine/day, ideally before conception. (1S) 8 The effectiveness and side effects of iodine prophylaxis together with or without levothyroxine therapy in subclinically hypothyroid women should be assessed. (3S)
Adverse Effects of SCH on Mother and Child

Maternal Effects
Overt hypothyroidism during pregnancy has been clearly associated with adverse events (pre-eclampsia, gestational hypertension, cretinism, fetal deaths and spontaneous abortion) [54] . Less clear is the association between obstetric complications and SCH. Studies investigating this issue have shown conflicting results. The evaluation of the influence of SCH on pregnancy outcome is currently hampered by the paucity of RCT showing that SCH directly or indirectly contributes to an increased rate of a specific complication, and that treatment with levothyroxine is able to reduce the rate of such complications. Most are studies of association and meta-analyses, whose results have always to be considered with caution.
Recent reports suggest an increased risk for gestational diabetes in SCH. A retrospective study in the USA analysing the medical records (by the International Classification of Diseases-9 codes) of 223,512 singleton pregnancies found an increased risk for gestational diabetes (OR = 1.57, 99% confidence interval, CI, = 1.33-1.86) in patients with primary hypothyroidism [55] ; although in this study no difference in the incidence of gestational diabetes mellitus could be detected between SCH and overt hypothyroidism. Another study involving 1,170 women demonstrated that high TSH and thyroid autoimmunity in early pregnancy were associated with a 4-fold increased risk for gestational diabetes and a 3-fold increased risk for low-birth-weight neonates [56] . Tudela et al. [57] have shown that the higher the TSH, the higher the risk of developing gestational diabetes (the predicted percentage of gestational diabetes increased from 1.9 to 4.9% as thyrotropin increased from 0.001 to 10 mU/l; p = 0.001). The association between SCH and gestational diabetes mellitus is also supported by a recent meta-analysis [58] .
Several studies have confirmed the association of SCH with pregnancy loss. Allan et al. [29] showed that fetal death is significantly more frequent when TSH is higher than 6.0 mU/l (3.8 vs. 0.9%); Benhadi et al. [59] reported a significantly higher mean TSH in women who experienced child loss compared with successful pregnancies (1.48 vs. 1.11 mU/l), and that the incidence of child loss increased by 60% for every doubling in TSH concentration. A comparison of the TSH at 11-13 weeks in women who suffered fetal death versus those who did not found an increase in TSH multiple of the median (MoM; 1.133 vs. 1.007 MoM), and a decrease in FT 4 MoM (0.958 vs. 0.992 MoM) [60] . Negro et al. [61] observed a significant increase in miscarriage rate in TPOAb-women with first trimester TSH 2.5-5.0 mU/l versus <2.5 mU/l (6.1 vs. 3.6%); SCH and thyroid autoimmunity were independently associated with very early embryo loss in 216 women [62] . An increased risk for miscarriage in women with untreated hypothyroidism compared with euthyroid controls (OR = 5.78, 95% CI = 2.4-14) was confirmed in a prospective study [60] but not in a retrospective study where 240 SCH patients showed no difference in miscarriage rate when compared with 10,518 controls (OR = 0.69, 95% CI = 0.10-5.0) [63] .
SCH is also associated with gestational hypertension and pre-eclampsia. A study of 68 hypothyroid women found that gestational hypertension was significantly more common in both overt hypothyroidism and SCH patients than in the general population, with rates of 22, 15 and 7.6%, respectively [64] . A retrospective study of pregnancy outcomes in 24,883 women found hypertension in pregnancy in 10.9% of SCH and 8.5% in euthyroid patients, with a significant association between SCH and severe pre-eclampsia [65] . A meta-analysis [66] found a significantly increased risk of pre-eclampsia in patients with SCH (OR = 1.7, 95% CI = 1.1-2.6) but no association between SCH and pregnancy-induced hypertension (OR = 1.00, 95% CI = 0.79-1.29). Confirmation of an increased risk of pre-eclampsia, superimposed pre-eclampsia and preterm birth in primary hypothyroidism has recently been obtained [55] .
Although positive thyroid antibodies seem to be significantly associated with the risk of preterm delivery (OR = 1.9, 95% CI = 1.1-3.5), this was not the case with SCH (OR = 1.0, 95% CI = 0.59-1.8) [67] . A report of 404 women with SCH showed a doubled rate of preterm birth with respect to controls [67] , and a 3-fold increased rate of preterm deliveries in subclinically hypothyroid women was shown in a Chinese study of 1,000 women [2] . A study involving 5,971 pregnant women showed that those with a TSH >97.5th percentile had an increased risk of premature and very premature delivery. However, a TSH >97.5th centile was not associated with premature delivery or very premature delivery after the exclusion of TPOAb+ women or comorbidities [68] .
Other complications confirmed by some and denied by others are placental abruption, perinatal mortality, admission to the neonatal intensive care unit, low Apgar score and low birth weight [29, 56, 63, 67, 69] ; no increased risk was found for high birth weight, congenital malformations and respiratory distress syndrome [29, 63, 67, 69] .
Isolated hypothyroxinaemia (normal TSH values with FT 4 below the 5th centile) has been investigated in relation to adverse obstetric events. Casey et al. [70] diagnosed first trimester isolated hypothyroxinaemia (FT 4 <0.86 ng/dl) in 233/17,298 (1.3%) with no excessive adverse pregnancy outcomes. In 10,990 patients first trimester hypothyroxinaemia was associated with preterm labour (adjusted OR = 1.62; 95% CI = 1.00-2.62) and macrosomia (adjusted OR = 1.97; 95% CI = 1.37-2.83), while in the second trimester, it was associated with gestational diabetes (adjusted OR = 1.7; 95% CI = 1.02-2.84) [64] . The median FT 4 MoM was reduced in women with preterm delivery compared to control (0.94 vs. 0.99, p < 0.001) [60] ; in another study, isolated hypothyroxinaemia was related to fetal distress, small for gestational age and musculoskeletal malformations [2] . Korevaar et al. [68] noted that 1.4% of pregnant women were hypothyroxinaemic (FT 4 <2.5th percentile) and had a 2.5-fold increased risk of premature delivery and a 3.6-fold increased risk of very premature delivery. Similar significant results were found when all women with low FT 4 levels were analysed irrespective of their TSH, as well as after the exclusion of TPOAb+ women or those with comorbidities.
Childhood Effects
Several studies have assessed the association between maternal SCH in pregnancy and neuropsychological development of the offspring. Haddow et al. [71] analysed TSH in stored sera from over 25,000 women in the second trimester. Sixty-two women had elevated TSH; of these, 48 were not taking T 4 during the pregnancy. The mean IQ of the children born to the 48 women with high TSH and not on T 4 was 7 points lower than that of 124 control children born to women who had normal TSH levels during the pregnancy (p = 0.005). It is noteworthy that the study did not classify overt hypothyroidism and SCH, and some of the women with high TSH had overt hypothyroidism. Consistently with these results, in a prospective cohort study of 1,017 pregnant women from China, Su et al. [2] found an association between SCH in early pregnancy (before 20 weeks of gestation) and impaired visual development (OR = 12.14, 95% CI = 1.22-120.70) and neurodevelopmental delay (OR = 10.49, 95% CI = 1.01-119.19). A retrospective Chinese study also supports the association between maternal SCH in pregnancy and impaired neuropsychological development, although only 18 women with SCH were included [72] .
In contrast, a recent cohort study from the Netherlands, which included 3,659 children and their mothers, did not find an association between maternal TSH in early pregnancy and offspring cognitive development at 18 and 30 months [28] ; in a separate study, the same group did find an association between increasing maternal TSH in early pregnancy and behavioural problems in their offspring [73] . A population-based cohort study of 1,761 children and their mothers from Spain also failed to show an association between maternal TSH levels in pregnancy and neuropsychological development in the children [74] . Another small study found a similar mean IQ in 19 children born to women with SCH in pregnancy due to inadequate levothyroxine replacement and 19 control children whose mothers were euthyroid [75] .
Several studies, but not all, have also shown an association between maternal hypothyroxinaemia and impaired neuropsychological development of the offspring. Pop et al. [76, 77] found that children born to women with FT 4 below the 10th percentile in early pregnancy have impaired psychomotor development. This association between maternal hypothyroxinaemia and impaired neuropsychological development of the offspring is supported by further case-control and population-based cohort studies [28, 74, [78] [79] [80] . Furthermore, maternal hypothyroxinaemia has also been shown to be associated with attention-deficit/hyperactivity disorders [81] and autism in children [82] . In contrast, other studies have failed to confirm the association between maternal hypothyroxinaemia and neuropsychological development of the offspring [83] [84] [85] .
Conclusions
• Current data indicate an increase in pregnancy loss, gestational diabetes, gestational hypertension, pre-eclampsia and preterm delivery in women with SCH in pregnancy.
• The association between SCH in pregnancy and impaired neuropsychological development of the offspring is inconsistent. 
Effects of Treatment of SCH and IH with Levothyroxine
The debate about substitution therapy in SCH is still open both for non-pregnant and pregnant patients. The background of this debate relates to association studies which show detrimental effects of SCH on the course of pregnancy and on the IQ of children born from hypothyroid mothers. Since results on cognitive testing of children <3 years of age do not predict future development, long-term data are needed.
A prospective, randomized trial of 984 unselected women with first trimester TSH of 0.3-4.2 mU/l, admittedly not subclinically hypothyroid, demonstrated that TPOAb+ patients treated with levothyroxine had a miscarriage rate lower than untreated ones (3.5 vs. 13.8%), and similar to that of TPOAb-ones (2.4%) [86] . A significant increase in preterm deliveries in TPOAb+ women was also reduced in TPOAb+ patients treated with levothyroxine [86] . As patients with thyroid antibodies are more likely to develop SCH during gestation, this study is relevant to a possible therapy of SCH. A randomized control trial has shown that levothyroxine treatment decreased the occurrence of adverse events in the mother and fetus in women who were TPOAb+ and who had a circulating baseline TSH level >2.5 mU/l during the first trimester of pregnancy [69] . A recent prospective study from Belgium found the same reduction in miscarriage rate when treating TPOAb+ women with TSH >1 mU/l with 50 μg of levothyroxine [87] .
To date, only 1 single prospective RCT has assessed the effect of levothyroxine therapy for mild maternal thyroid failure during pregnancy on offspring IQ. Lazarus et al. [88] randomized mildly hypothyroid pregnant women to levothyroxine treatment versus no treatment. At the age of 3, children of women treated with levothyroxine (started at a median gestational age of 13 weeks) had IQ tests which did not differ from the children of untreated women.
Levothyroxine treatment of SCH would appear to have the potential benefits which outweigh the potential risks. The question as to whether levothyroxine therapy is indicated for euthyroid women with positive thyroid antibodies is beyond the scope of this guideline.
Several ongoing studies will tell us whether or not the suggestion of treating SCH is definitive. A large-scale prospective randomized controlled trial sponsored by the National Institute of Child Health and Human Development (USA) is screening pregnant women with less than 20 weeks gestation for SCH or hypothyroxinaemia, and randomizing to treatment with levothyroxine or placebo until delivery. The offspring will have annual developmental testing done until 5 years old to determine if therapy is effective in improving IQ at 5 years of age. The TABLET (Thyroid Antibodies and Levothyroxine) trial (UK), and the T 4 Life trial (the Netherlands), are two multicentre, placebo-controlled, doubleblind studies, designed to assess the impact of levothyroxine treatment (started before conception) on miscarriage and preterm delivery in euthyroid women with thyroid antibodies and investigate multiple immunological markers.
Meanwhile it is reasonable practice to maintain TSH values in women planning pregnancy below 2.5 mU/l, especially in those with positive TPOAb; newly diagnosed patients should be treated in order to normalize maternal serum TSH values within the trimester-specific pregnancy reference range [89] .
Despite the pivotal role of T 4 in the neurodevelopment of the fetus, there is no demonstrable effect of maternal levothyroxine treatment on child neurodevelopment in relation to maternal SCH or maternal hypothyroxinaemia.
Recommendations 10 SCH arising before conception or during gestation should be treated with levothyroxine. (2S) 11 To date, no study of intervention is available to demonstrate a benefit from treating hypothyroxinaemic women in terms of obstetric complications. (1S) 12 However, levothyroxine therapy may be considered in isolated hypothyroxinaemia detected in the first trimester because of its association with neuropsychological impairment in children. (3W) 13 Levothyroxine therapy is not recommended in isolated hypothyroxinaemia detected in the second to third trimester. (3S)
Practical Management of SCH in Pregnancy
In a hypothyroid patient on substitutive treatment before conception, a 25-50% increase in levothyroxine dosage is required. The amount of levothyroxine increase depends on the aetiology of hypothyroidism, being higher in those with radioiodine-or surgery-induced hypothyroidism [90, 91] . When hypothyroidism is newly discovered during pregnancy, a study suggests initiating the treatment with the following levothyroxine doses: 1.20 μg/kg/day for SCH with TSH ≤ 4.2 mU/l, 1.42 μg/kg/day with TSH >4.2-10 and 2.33 μg/kg/day for overt hypothyroidism [92] . TSH values should be checked every 4-6 weeks at least during the first trimester and once during the second and third trimesters [93] . The recommended treatment of maternal hypothyroidism is with administration of oral levothyroxine. It is strongly recommended not to use other thyroid preparations such as T 3 or desiccated thyroid, which cause lowering of serum T 4 levels. In patients with morning sickness, the administration of levothyroxine late at night may be a valid option.
The question arises as to what advice regarding levothyroxine therapy should be given to a woman who has been receiving treatment during gestation for SCH. Initially, it would seem reasonable to continue levothyroxine therapy but adjust the dose as it will probably reduce after delivery. However, a recent study [94] of 523 women without known thyroid disease identified 65 (12.4%) with SCH during pregnancy defined as TSH greater than 3 mU/l. Of these, 75.4% had normal thyroid function when studied 5 years after delivery; only 16 (24.6%) had persistent high TSH (TSH >4.5 mU/l after pregnancy) suggesting that the majority of cases of SCH in pregnancy are transient and recover after pregnancy. Women with TPOAb and TSH greater than 5 mU/l in pregnancy were more likely to have persistently elevated TSH. 
Recommendations
Screening for Thyroid Hypofunction in Pregnancy
Screening is a process of identifying apparently healthy people who are at an increased risk of a disease or condition. They can then be offered information, further tests and appropriate treatment to reduce their risk and/or any complications arising from the disease or condition [95] . Criteria for screening include the presence of a well-defined medically important disorder with known incidence/prevalence. The screening test should be simple and safe with established cut-off values, and an effective treatment must be available. Adequate logistics for the testing and follow-up must be present, and the cost of test relative to benefit should be known. Most importantly, the test should be acceptable to the patient and be approved by the hospital management [96] .
The universal screening of asymptomatic pregnant women for hypothyroidism in the first trimester is controversial. Because of insufficient evidence, and because the criteria for universal screening are not all satisfactory, most professional societies essentially from iodine sufficient countries recommend targeted case finding rather than universal screening. The American Thyroid Association recommends measurement of serum TSH in pregnant women if they are symptomatic, from an area of known moderate to severe iodine insufficiency, or have a family or personal history of thyroid disease, type 1 diabetes, history of miscarriage, preterm delivery, history of head and neck radiation or morbid obesity (BMI >40) [6] . In the American Endocrine Society guidelines some members recommended screening while others did not [9] . All current recommendations support a targeted screening strategy, but such a strategy may miss at least from 33 to 81% of women with hypothyroidism [97] [98] [99] [100] .
Therefore some endocrinologists have argued for universal screening for thyroid dysfunction in pregnant women or those planning to become pregnant [29, 97] . However, the only prospective randomized trial undertaken to assess the value of screening in relation to childhood cognitive functional outcome failed to show any benefit of screening in pregnancy [88] . Nevertheless, there is support for screening to prevent pregnancy-associated problems [29, 99, 101] in addition to recognition of post-partum thyroiditis [102] . Despite finding no significant decrease in obstetric complications with universal screening and case finding, Negro et al. [69] showed fewer obstetric complications in the low risk group identified by universal screening and benefiting from hypo/ hyperthyroidism treatment. This provides some evidence for universal screening in pregnant women with measurement of TPOAb and TSH. The potential benefit of early thyroid screening was highlighted by a study in which levothyroxine treatment for TPOAb+ pregnant women who were diagnosed via universal screening led to a reduction in miscarriage rates [87] . Moreover, a study evaluating the cost-effectiveness of screening all pregnant women for autoimmune thyroid disease during the first trimester demonstrated a positive cost-benefit compared to no screening [103] . A meta-analysis performed by obstetricians in the Netherlands concluded that the overall lack of evidence precludes a recommendation for universal screening and is only justified in a research setting [104] . Despite a lack of consensus among professional organization guidelines regarding thyroid dysfunction screening, a survey conducted in Maine showed that many practitioners have already implemented routine TSH testing in pregnant women [105] . Recently, a European survey found similar results, with 42% of responders screening all pregnant women for thyroid dysfunction [7] . Results in abstracts presented at the American Thyroid Association meeting in October 2013 showed that 74% of respondents advocated universal thyroid screening with TSH [106] . The Spanish endocrine community also favours universal screening [107] . To date there is limited evidence that levothyroxine treatment of pregnant women with SCH, isolated hypothyroxinaemia or thyroid autoimmunity is beneficial. Therefore, there is ongoing debate regarding the need for universal screening for thyroid dysfunction during pregnancy [108] . Efforts are still required to provide more high-quality evidence to justify screening. The results of a large randomized study in the USA are awaited. There is some evidence that screening (with levothyroxine intervention therapy) may at least prevent or reduce some obstetric complications associated with SCH in pregnancy [109] . There is also a view that it may be preferable to screen for overt thyroid dysfunction only [110] . Meanwhile, optimal cooperation and communication between endocrinologists and obstetricians is also necessary.
Conclusions
• Evidence for screening for SCH in pregnancy is equivocal.
• The decision regarding screening for SCH must be reconsidered when new high-quality evidence becomes available.
• There is no evidence that screening specifically for isolated hypothyroxinaemia is indicated. 
SCH in Childhood
Diagnosis and Causes of SCH in Children
Dynamic changes in thyroid function occur following delivery in the newborn infant, but a serum TSH concentration >5 mU/l can be considered to be abnormal after 1 month of age when modern third-generation assays are used [111, 112] . Thereafter, both the serum TSH and thyroid hormone levels continue to decline gradually to values more typical of the adult. Because the serum FT 4 con-centration is somewhat higher in the young, optimally age-related normative values for the assay in use should be employed, though these are not always available. The definition of SCH varies widely among different studies, with some restricting the definition to a slightly elevated value using a serum TSH concentration (e.g. anywhere between 5 and 10 mU/l), associated with an age-appropriate normal TT 4 or FT 4 concentration, whereas others use a much less stringent definition without any upper TSH limit.
In addition to normative values, infants and children differ from adults in the causes and, therefore, the natural history of the thyroid dysfunction, as well as the consequences. Unique to infancy and childhood, thyroid hormone has important, age-dependent maturational effects on brain development, especially in the first 3 years of life, whereas effects on linear growth persist until epiphyseal closure in adolescence [113] . The thyroid gland in infancy and childhood is also particularly susceptible to the effects of ionizing radiation [114, 115] . Clearly a decision about whether or not to treat a child with SCH will depend not only on the potential for adverse effects but also on the likelihood that the SCH will worsen. In general, in iodine-sufficient areas of the world SCH in younger children is more likely to be idiopathic or related to a diverse array of perinatal and genetic causes, whereas thyroid autoimmunity is increasingly common in older children and adolescents.
Natural History of SCH in Childhood and Adolescence
General Population Lazar et al. [116] reported the outcome of mild TSH elevation in 121,052 children in a single health care organization in Israel in whom thyroid function tests were ordered. Of 2.9% of children in whom the initial serum TSH concentration was >5.5-10 mU/l, the subsequent value obtained an average of 2 months later was normal in 73.6% and mildly abnormal in approximately 20%, with a tendency to normalize in those who were retested over the subsequent 5 years. If the initial serum TSH concentration was >10 mU/l, subsequent normalization was observed in only 40% of patients. Those whose initial serum TSH concentration was >5.5-10 mU/l, 8.5% were treated, though the reasons for therapy were not defined. Antithyroid antibodies were measured in just 20% of the patients, and further clinical information was not available. The only predictive factors of likelihood to progress were an initial serum TSH concentration >7.5 mU/l and female gender, but not the age of the patient.
'Persistent Hyperthyrotropinaemia' and Non-Autoimmune ('Idiopathic') SCH A mild elevation in the serum TSH concentration on newborn screening has been detected with increased frequency in recent years [117] , due, in part, to the increased stringency of the criteria used for diagnosis of congenital hypothyroidism [118, 119] . The finding is more common in children born premature [120] , small for gestational age [121] and after in vitro fertilization [122] as well as in those with trisomy 21 [123] . In a small proportion of cases a mild morphological abnormality in thyroid gland development [124] or genetic defect in thyroid hormonogenesis has been demonstrated, the latter including mutations in the genes for the TSH receptor [124] [125] [126] , dual oxidase 2 [127] and thyroid peroxidase [124] . While many such cases represent transient abnormalities, in a proportion of cases the SCH persists.
A study identified 16 cases of 'transient hyperthyrotropinaemia' amongst 281,468 Japanese newborn babies screened, an incidence of 1 in 17,600 [128] . Transient hyperthyrotropinaemia was defined as an initial serum TSH concentration >4 standard deviations above the normal mean (equivalent to >17 mU/l, mean value 7.4 mU/l). The FT 4 concentration was normal in all the children studied, and none of the babies had an abnormality of thyroid gland development on imaging or heterophile antibodies that might have interfered with the assay for TSH. After 2-7 years of follow-up, the serum TSH concentration normalized in 14 cases, and worsened in 2 despite an initial normalization within the first year of life. Three of the children developed a goitre.
Daliva et al. [129] studied 14 American infants with mild hypothyroidism detected on newborn screening. Whereas the initial filter paper T 4 concentration was abnormal in 2 cases, the confirmatory serum FT 4 or T 4 concentration was normal in 13 babies, associated with a median serum TSH level of 8.4 mU/l (normal <4.6 mU/l). All 14 babies were treated, and thyroid hormone replacement was withdrawn when the babies were approximately 3 years of age. On retesting 1-6 months later, the serum TSH concentration normalized in 5 of the babies and remained mildly abnormal (5-11 mU/l) in 9.
A study of 56 children with a 'false-positive' result on newborn screening found that 50% had SCH at 16-44 months of age [124] . In a follow-up study of 44 of these children at an average age of 5.3 years (range 4.1-6.6), SCH persisted in 19 (43.2%) [130] . Children who were euthyroid in early childhood remained euthyroid on reevaluation, though the mean TSH concentration was significantly higher than that of the control group. At 8 years 86 of age, SCH persisted in 14 (31.8%), in 13 of whom a morphological or genetic defect could be demonstrated. None of the children developed overt hypothyroidism.
Wasniewska et al. [131] prospectively evaluated 92 patients (mean age 8.1 ± 3 years) with idiopathic SCH, defined as a serum TSH concentration of 5-10 mU/l, associated with a normal T 4 /FT 4 concentration, discovered on routine screening. None of the patients had a history of thyroid irradiation or were on medication known to affect thyroid function, and none had thyroid antibodies detectable in serum or a morphological abnormality of the thyroid gland either on physical examination or on ultrasound. After 2 years' observation, the serum TSH concentration normalized in 38 patients (41%), remained mildly elevated in 43 (47%) and rose to >10 mU/l in 11 (12%) in 2 of whom the TSH increase was accompanied by the detection of TPOAb and findings on thyroid ultrasound consistent with CAT.
Trisomy 21 (Down Syndrome) SCH is particularly common in children with trisomy 21, the prevalence being estimated as between 25.3 and 60% [for a review, see 123] . In infants and young children this appears to be due to a poorly understood dysregulation of the hypothalamic-pituitary-thyroid axis which tends to normalize in a majority of patients. In 1 recent study of 53 children with trisomy 21 six months to 5 years of age, the SCH normalized in >70%, with a higher remission rate in patients without a goitre and without detectable thyroid antibodies in serum [132] . In older children and adults, there is an increased risk of CAT (see below).
Chronic Autoimmune Thyroiditis
In older children and adolescents, the most frequent cause of SCH is CAT, a disorder that is more common in certain genetic syndromes (trisomy 21 and Turner syndrome) and in patients with other organ-specific autoimmune diseases (especially type 1 diabetes and coeliac disease) [133] .
SCH due to CAT is commonly thought to be benign and remitting in childhood, but analysis of the data is complicated by differences between studies in patient selection, small numbers and a relatively limited duration of follow-up. We evaluated the results of 7 observational studies in different ethnic populations in which the number of subjects was >10 and the follow-up was ≥ 2 years [134] [135] [136] [137] [138] [139] [140] . Overall, of 250 children evaluated for an average duration of 4.3 years, 33.9% became euthyroid; in 41.7% SCH persisted while in 24.4% of children the hypothyroidism worsened. However, the results were heavily influenced by the definition of SCH. We therefore stratified studies according to whether the initial mean serum TSH concentration was ≤ 20 or ≤ 12 mU/l ( table 1 ). Number = Number of patients, with number treated in parentheses; follow-up expressed as median with range in parentheses or mean ± SD; outcome given as number with percentage in parentheses. OH = Overt hypothyroidism; R = retrospective; P = prospective; n.a. = not assessed.
Whereas approximately one third of children became euthyroid irrespective of the definition of SCH, the hypothyroidism apparently worsened in a much larger percentage of patients when the definition was limited to a serum TSH concentration <12 mU/l. Since the T 4 /FT 4 concentration was not indicated in the latter studies, some of these patients would not have been considered to have worsened in the studies in which a higher TSH cut-off was used. Progression to overt hypothyroidism was associated in some but not all studies with the initial TSH concentration and the presence of a goitre and, in one report, with the coexistence of coeliac disease [140] . Elevated TgAb and TPOAb at diagnosis and an increase in the serum TSH and TPOAb concentration on follow-up were also associated with an increased risk of progression in some but not all studies.
SCH after Irradiation
Children, particularly those <10 years of age, are especially susceptible to the development of both thyroid dysfunction and thyroid cancer following ionizing radiation, whether following therapeutic irradiation (e.g. for childhood cancer) [141, 142] or following environmental exposure (e.g. after the Chernobyl accident) [114, 143] . Of these, the most common outcome is SCH. In 1 study of 142 cancer survivors who had received irradiation during childhood as part of the conditioning regimen prior to bone marrow transplantation, SCH developed in 39 patients (26.5%) 1-10 years later [115] . SCH was significantly more common in those who were <9 years of age at the time of the irradiation than in those who were older, and similar results have been obtained by others. The long-term history of SCH following thyroid irradiation is unknown, but thyroid function has been reported to improve in a proportion of patients on long-term follow-up.
Adverse Effects of SCH in Children
Most children with SCH do not have symptoms of overt hypothyroidism [144, 145] .
Effects of SCH on Neuropsychological Development
Whilst it is generally accepted that an optimum thyroid hormone level is critical for brain development in the first 3 years of life, there is lack of high-quality studies examining the effect of SCH on neurodevelopment in this patient group. However, several studies have assessed the association between SCH and neuropsychological development in older children. In the National Health and Nutrition Examination Survey III study, 30 (1.7%) of 1,327 adolescents aged 13-16 years were found to have SCH [5] . Cognitive function, assessed using the Revised Wide Range Achievement Test and Revised Wechsler Intelligence Scale for Children tools, in these children with SCH was not impaired as compared to euthyroid children in the study. Likewise, verbal, performance and full-scale IQ scores in children with SCH were normal and similar to those of controls [5] . In contrast, a small study found that 11 children with SCH performed poorly in cognitive testing for attention as compared to the normative data [146] . In another study with 17 cases and 17 controls, there was no significant difference in the total intelligence scores between the two groups, but children with SCH performed poorly in tests measuring attention [147] .
Effects of SCH on Growth Three observational studies have examined the association between SCH and short stature in children. In a cohort study of 88 children and adolescents with SCH, 19.3% were found to have idiopathic short stature [126] , although this high prevalence may have been due to selection bias. In contrast, a cross-sectional case-control study of 36 children with SCH and 36 healthy euthyroid children matched for age, sex, puberty and socio-economic status did not show an association between SCH and short stature [144] . Furthermore, there was no significant difference in height of the children whose SCH persisted compared to those whose SCH resolved after a follow-up period of 2-9.3 years. Consistent with these findings, there were no significant changes in height of the children with persistent SCH as compared to those whose thyroid function normalized during the 2-year study period [131] .
Effects of SCH on BMI, Metabolic Parameters and Cardiovascular Risk
The studies analysing the association between obesity and SCH in children have shown inconsistent results. In a cohort study of 88 children and adolescents with SCH, 28.4% were found to be overweight or obese, although this high prevalence may be due to selection bias [126] . However, a large community-based study has also shown a significantly higher prevalence of SCH in obese children as compared to non-obese children (9 vs. 6.5%) [148] . In another large cohort study of 22,747 children and adolescents with type 1 diabetes, 1,638 (7.2%) were found to have SCH. These children had significantly higher BMI as compared to euthyroid children [149] . In contrast, other studies failed to confirm the association between SCH and obesity [131, 144] . Furthermore, as the TSH level in obese children tends to decrease with weight loss from lifestyle changes [150] [151] [152] hypothyroidism is associated with minimal change in BMI [153] , it is thought that the mildly elevated TSH is the consequence of obesity rather than the cause [154] .
A significantly higher concentration of serum total and low-density lipoprotein cholesterol was found in children with SCH as compared to euthyroid children [150] . Likewise, another large cohort study including over 12,000 children and adolescents showed that high serum TSH levels are significantly associated with both systolic and diastolic blood pressure, and increased the risk of hypertension in children (OR = 1.72, 95% CI = 1.15-2.57) but not in adolescents [155] . Finally, in a small case-control study, 34 obese children and adolescents with SCH were found to have significant impairment of diastolic and longitudinal systolic cardiac function on echocardiography as compared to 60 obese children with normal TSH [156] .
Effects of SCH on Bone Health A case-control study with 25 children and adolescents with SCH and 25 age-and sex-matched healthy controls showed no difference in bone mineral density and biochemical markers of bone metabolism in the two groups [157] .
Impact of Treatment of SCH in Children
Several studies (mostly non-randomized with small sample size) have examined the effects of treatment of SCH in children. A non-randomized study in 39 children (24 prepubertal and 15 pubertal) presenting with short stature and SCH found improvement in growth velocity with levothyroxine treatment for 1 year [158] . Likewise, an improvement in growth velocity with levothyroxine replacement was also found in prepubertal children with type 1 diabetes and SCH [159] . In contrast, a non-randomized study using levothyroxine treatment in 69 children with SCH (compared to untreated children with SCH) for 2 years showed no significant difference in BMI or height [145] .
In a small retrospective case-control study, 13 children with type 1 diabetes with SCH were found to have a significantly increased frequency of symptomatic hypoglycaemia as compared to 31 controls despite similar haemoglobin A 1c and total insulin requirement in the two groups [160] . After levothyroxine replacement, the frequency of hypoglycaemic episodes in children with SCH was similar to that in the controls.
In a secondary analysis of pooled data from 3 RCT of dietary iodine supplementation, correction of iodine deficiency (associated with SCH) in children showed an improvement in several metabolic parameters, including reduction in serum C peptide, total cholesterol and lowdensity lipoprotein cholesterol [161] .
A small short-term non-randomized study (with only 11 children with SCH and 6-8 weeks of study duration) did not show a benefit of levothyroxine treatment in neurocognitive function [146] .
Conclusions
• In the general population, SCH (serum TSH concentration >5.5-10 mU/l) normalizes in >70% of children and adolescents and persists in the majority of the remaining patients over the subsequent 5 years, but rarely worsens.
• Non-autoimmune 'idiopathic' SCH, either discovered on newborn screening or later during childhood, is a heterogeneous disorder that normalizes in 58% (range 36-88) of patients or persists, but worsens in approximately 10% after up to 8 years of follow-up.
• SCH is 10 times more common in Down syndrome than in the general population. In younger infants and children with negative thyroid auto-antibodies there is a >70% chance that thyroid function will normalize. In children >8 years of age and in adolescents, SCH is more likely to be due to CAT. • In SCH due to CAT in children, thyroid function normalizes in approximately 34% of patients, remains stable in 42% and worsens in 24% over 4 years of followup, but there is considerable fluctuation in individual patients and the risk of progression depends to a considerable extent on the definition of SCH.
• In obese patients, a serum TSH concentration between 5 and 7 mU/l is likely to be the consequence not the cause of the obesity.
• Most children with SCH do not have symptoms and signs of overt hypothyroidism.
• There is a lack of studies examining the impact of SCH on neuropsychological development of children under the age of 3 years. In older children, the evidence for an association between SCH and impaired neuropsychological development is inconsistent.
• SCH in children is not associated with adverse effects on growth or bone health but may be associated with adverse cardiovascular parameters.
• Good-quality studies examining the effect of treatment of SCH in children are lacking.
Recommendations 24 In infants >1 month of age whose serum TSH concentration has failed to normalize, therapy with levothyroxine is recommended until 3 years of age when brain development is no longer thyroid hormone dependent. At that time a trial off therapy can be performed to determine whether the hypothyroidism was transient or is permanent. (2S) 25 If an elevated TSH persists, thyroid imaging is recommended to determine whether a structural abnormality exists and whether, therefore, the SCH is likely to be permanent. Further evaluation to identify a possible genetic abnormality of thyroid hormonogenesis is optional. (1S) 26 In children with SCH >3 years of age in whom thyroid auto-antibodies are negative initially, regular monitoring of the serum TSH and TPOAb concentration is indicated. Because of the low risk of progression, monitoring can be performed in 1 year's time, and less frequently thereafter if no worsening is observed. (2S) 27 Regular monitoring of thyroid function in patients with trisomy 21 is recommended. For further detail, the reader is referred to specific guidelines on this topic [162, 163] . (2S) 28 The risk of progression to overt hypothyroidism appears to be increased in children with SCH due to CAT. Therefore it is suggested that in patients with an elevated TPOAb and/or TgAb concentration at presentation, TSH (±TPOAb) be monitored every 6-12 months. More frequent monitoring should be considered in patients whose initial TSH concentration is >10 mU/l in whom a decision has been made not to treat. (2W) 29 The decision about whether or not to treat should be made after careful discussion with the parents of the risks and potential benefits of treatment. At present there is insufficient evidence to recommend treatment in the majority of children with SCH in whom the serum TSH concentration is <10 mU/l and in whom the TT 4 /FT 4 concentration is normal. (2W) 30 Although high-quality studies are lacking as to a causal association of SCH after childhood thyroid irradiation with thyroid cancer, it would appear reasonable to treat individuals in this patient group. (2W)
Concluding Remarks
A majority of recommendations of the current guideline on the management of SCH in pregnancy is consistent with that of the previous guidelines from the American Thyroid Association [6] and the Endocrine Society [9] on the same topic. However, recent advances in the field mean that there are several noticeable differences in the current guideline. For example, the current guideline underlines the importance of ethnic variation in trimester-specific reference ranges for TSH and FT 4 , recognizes the utility of testing TgAb to ascertain autoimmunity as the aetiology of SCH in pregnancy, and recommends considering levothyroxine replacement in isolated maternal hypothyroxinaemia in the first trimester. It also emphasizes the use of ultrasound in diagnosis. It is hoped that this guideline will promote the evidence base and contribute in reducing inconsistencies in clinical practice by defining current standards of care in the management of SCH in pregnancy and children.
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